We scrutinize the parameter space of the SM-like Higgs boson in the minimal supersymmetric standard model (MSSM) under current experimental constraints. The constraints are from (i) the precision electroweak data and various flavor observables; (ii) the direct 22 separate ATLAS searches in Run-1; (iii) the latest LHC Run-2 Higgs data and tri-lepton search of electroweakinos.
I. INTRODUCTION
Probing new physics beyond the Standard Model (SM) is the most important task in today's high energy physics. Among numerous new physics theories, low energy supersymmetry (SUSY) is the most appealing candidate since it predicts a light Higgs boson, provides a candidate for the cosmic dark matter and achieves the unification of gauge couplings. The SUSY particles (sparticles) have been being intensively searched in the LHC experiments.
Although the discovery of a 125 GeV Higgs boson [1] can serve as a good harbinger for SUSY, the null search results of sparticles at the LHC experiments are continuously squeezing SUSY. Especially, the latest LHC Run-2 searches have further pushed up the spartcle masses, the current LHC Run-2 measurements for the 125 GeV Higgs boson agree with the SM predictions and the searches for non-SM Higgs bosons gave negative results.
All these search and measure results should further restrain the parameter space of SUSY.
On the other hand, some precision measurements, such as the precision electroweak data and various flavor observables, should also play a role in restricting the parameter space of SUSY.
Using the current experimental data to restrict the SUSY parameter space is a tough task since we have various SUSY models and some models have too many free parameters (note that the mass limits on sparticles given by experimental groups are usually obtained in some over-simplified models). For the popular minimal supersymmetric standard model (MSSM) [3] , we have over one hundred parameters and a comprehensive scan over the parameter space under current experimental data is rather challenging. Despite of the difficulty, some attempts have been tried in the literature [4] [5] [6] and some machine learning method is being explored [7] . In this work, instead of scanning over the whole parameter space of the MSSM, we focus only on the Higgs sector, which has a small number of sensitive parameters (nonsensitive parameters can be fixed).
The structure of this paper is organized as follows. In Sec.II, we will briefly describe the MSSM by focusing on the Higgs sector. In Sec.III, we perform a numerical scan over the parameter space for the Higgs sector. The properties of the SM-like 125 GeV Higgs boson are demonstrated. Finally, our conclusion is presented in Sec.IV.
II. THE HIGGS SECTOR IN THE MSSM
The MSSM is the most economic realization of SUSY and has a minimal Higgs sector consisting of two Higgs doublets with opposite hypercharges [3] :
The tree-level Higgs potential is given by
with αβ being the antisymmetric tensor, g and g are the SM SU(2) and U (1) In our analysis in the proceeding section we will use all the relevant Higgs data to constrain the parameter space of the Higgs sector.
Note that for the MSSM Higgs sector the tree-level potential is not sufficient and the loop contributions must be considered. Actually, sizable loop effects from the stops are necessary to enhance the SM-like Higgs mass to 125 GeV. To achieve this, rather heavy stops or a large trilinear coupling A t is needed, which cause the so-called little hierarchy problem for the MSSM. Some extensions of the MSSM, e.g., the next-to-minimal supersymmetric standard model (NMSSM), can solve this problem. So in light of the 125 GeV Higgs discovery, the MSSM is no longer perfectly natural while the NMSSM seems to be more favored [4] . In our analysis for the MSSM Higgs sector, we will consider the latest results of loop effects.
We note that currently the MSSM is not so perfect. Besides the little hierarchy problem caused by the 125 GeV Higgs boson mass, it suffers from an old problem called µ-problem since a low value of µ cannot be explained in the framework of MSSM. In addition, the MSSM has over 100 free parameters because no boundary conditions for the soft parameters are assumed in this model. So the MSSM is kind of low-energy effective or phenomenological model. The fancier models like the mSUGRA (minimal supergravity) or CMSSM (constrained MSSM) are more predictive because they assume boundary conditions for the soft parameters and have much smaller numbers of free parameters. These models, however, face the problem of consistency between 125 GeV Higgs boson mass and muon g − 2 explanation [11] , which might be tackled with some extensions like the generalized gravity mediation or deflected anomaly mediation [12] . Since the MSSM has so many free parameters, it is almost impossible to scan over its whole parameter space. Fortunately, for the Higgs sector, the sensitive parameters are rather limited in number. In our following analysis we will perform a scan over the relevant parameter space under current experimental data. 
whereL (Q) denote a left-handed slepton (squark),ẽ (ũ ord) denote a right-handed slepton (squark), and A t , A b and A τ are the tri-linear couplings of stops, sbottoms and staus, respectively.
In our scan we take into account the following constraints at 95% CL or 2σ level:
(1) Various indirect constraints from the precision electroweak data [15] , the flavour ob- (2) The LHC Run-1 and Run-2 data on 125 GeV Higgs boson [18, 19] and the current search results of non-SM Higgs bosons (H, A, H ± ) [20] . The Higgs search data from LEP and Tevatron are also considered [21] . We use SusHi-1.6.1 [23] to calculate the production rate of non-SM Higgs bosons. (5) The dark matter constraints from LUX-2016 data on the spin-independent cross section [2] and relic density from Planck measurement (0.1146 ∼ 0.1226) [10] . We use MicrOmega [30] in our calculations.
These constraints are listed in Table I . In Fig.1 we display the survived samples to show the current Run-2 constraints from the CMS searches of non-SM Higgs bosons, which include the productions of bbA, bbH, ggA and ggH followed by A → τ + τ − and H → τ + τ − . We see that so far only a mall portion of parameter space has been excluded by such non-SM Higgs searches, owing to the limited luminosity and tau identification efficiency. Of course, at the end of Run-2, the sensitivity will be much better due to a higher luminosity.
Next we use the survived samples to fit the LHC Run-1 and Run-2 Higgs data. In Table II we present the best sample with minimal χ 2 value min(χ 2 )/DOF where χ 2 for an observable is defined as the difference of its theoretical value and experimental value divided by the 1σ error while DOF denotes the degree of freedom defined as the number of observables minus Fig.4 . We see that in the MSSM the branching ratio of this invisible decay is under 10% currently. 
IV. CONCLUSION
In this work we checked the parameter space of the SM-like Higgs boson under current experimental constraints. We performed a scan over the parameter space and found that the hgg and hγγ couplings can differ from the SM values significantly by several tens percent.
The neutralino dark matter is mostly bino-like and the branching ratio of the SM-like Higgs decay to dark matter is roughly under 10%.
Give the present status of the SM-like Higgs boson in the MSSM, the deviations of its gauge coupling hZZ from the SM value is almost impossible to detect at CEPC or FCC-ee.
Since its Yukawa couplings hbb and hτ + τ − as well as loop-induced hγγ and hgg couplings can deviate from their SM values by several tens percent (at the end of Run-2 or HL-LHC the deviations of these couplings will be further constrained), it is hopeful to detect such deviations or exclude a crucial part of the MSSM parameter space in case of unobservation.
Of course, the measurement of the Higgs invisible decay can also cover some part of the MSSM parameter space. The htt coupling cannot be directly measured at CEPC due to the limited collision energy, whose precise measurement can be performed at the ILC [32] .
